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S t  a t u s  Report 
NsG-455 

T h i s  s t a t u s  r e p o r t  c o v e r s  t h e  period of 
June 1, 1963 through November 30, 1963. S ince  t h e  

g r a n t  was not  accepted  b e f o r e  September 11, 1963, 
and U n i v e r s i t y  r e g u l a t i o n s  al lowed no e x p e n d i t u r e s  
b e f o r e  t h i s  d a t e ,  no a c t u a l  expe r imen ta l  work o ther  
t h a n  t e s t i n g  of equipment cou ld  be under taken  d u r i n g  
t h e  r e p o r t  p e r i o d .  Within a f e w  wee!ts from t h e  
acceptance  major equipment i t e m s  such  a s  a mu l t i channe l  
a n a l y z e r ,  a wide band scope and coun t ing  a p p a r a t u s  and 
s u p p l i e s  were ordered but were most ly  no t  d e l i v e r e d  
d u r i n g  t h e  r e p o r t  per iod .  

T h e o r e t i c a l  Work: 

Li th ium-dr i f ted  germanium semiconductor 
detectors have shown promise of r e v o l u t i o n i z i n g  y- 

r a y  I n  t h i s  program w e  have s t a r t e d  
an i n v e s t i g a t i o n  of a method f o r  i n c r e a s i n g  t h e  a c t i v e  
volume of semiconductor detectors of t h i s  and o t h e r  

t y p e s .  The sma l l  u s e f u l  volume of p r e s e n t  detectors 
of t h i s  t y p e  is t h e  major l i m i t a t i o n  on t h e i r  u s e .  
E i t h e r  t h e  e f f i c i e n c y  is very  s m a l l ,  a s  f o r  y r a y s ,  
or t h e  u s e f u l  p a r t i c l e  energy is l i m i t e d ,  a s  for 
charged  par t ic les .  

The method t o  be used  t o  i n c r e a s e  t h e  

a c t i v e  volume invo lves  a combinat ion of l i t h ium-  
d r i f t i n g  and s p e c i a l  geomet r i ca l  c o n f i g u r a t i o n s .  
L i t h i u m - d r i f t i n g  is now a s t a n d a r d  t echn ique ,  but  t h e  
u s u a l  p l a n a r  c o n f i g u r a t i o n  l i m i t s  t h e  depth  due t o  
i n t e r n a l  thermal  runaway d u r i n g  d r i f t i n g .  Also, i n  
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u s e  t h e  e lectr ic  f i e l d  a t  t h e  r e a r  of t h e  d e p l e t i o n  
dep th  is zero, and t h i s  va lue  is epproached quad- 
r a t i c a l l y ,  so t h a t  c o l l e c t i o n  problems a c c r u e  i n  t h a t  
r e g i o n .  

C y l i n d r i c a l  geometry is one way t o  reduce  
bo th  of these problems. 
e q u a t i o n  i n  c y l i n d r i c 2 1  geometry f o r  a c o n s t a n t  charge  
d e p l e t i o n  d e n s i t y  ( a  f i r s t  approximation)  : 

A s o l u t i o n  t o  P o i s s o n ' s  

r2 I n  - 
r 

is t h e  fo l lowing:  2 
( r z  -r12) 

r2 
rl 

I n  - 
2 2  

gj = ~p (r2 -r ) + 

where P is t h e  d e p l e t i o n  d e n s i t y  
r2 is t h e  o u t e r  r a d i u s  
rl is t h e  i n n e r  r a d i u s  
Vo is t h e  a p p l i e d  b i a s  v o l t a g e  

The r a d i a l  

= - V @  

component of 

= 2 ~ p r  - 
f i e l d  i s ,  i n  t h i s  c a s e :  
1 
r 
- 

4. 

V i t h  t h e  a p p r o p r i a t e  c h o i c e  of s i g n  f o r  
t h e  second term is always a d d i t i v e  t o  t h e  f i r s t ,  
and t h e  e lec t r ic  f i e l d  i n c r e a s e s  toward t h e  " rea r "  
( i n s i d e )  of t h e  d e p l e t i o n  r eg ion .  T h i s  p e r m i t s  a 

r e d u c t i o n  i n  ohmic hea t ing  d u r i n g  the d r i f t i n g  
p r o c e s s  and i n c r e a s e s  c o l l e c t i o n  e f f i c i e n c y  i n  
t h a t  r e g i o n  du r ing  o p e r a t i o n .  
of t h e  d e p l e t i o n  d e n s i t y  o c c u r s  even when o t h e r  
assumptions a r e  made about t h e  s p a t i a l  dependence 
Of t h e  d e p l e t i o n  d e n s i t y .  

A s i m i l a r  improvement 
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Conventional s i l i c o n  s u r f a c e  bar r ie r  and 
d i f f u s e d  j u n c t i o n  d e t e c t o r s  have been f a b r i c a t e d  f o r  
s e v e r a l  y e a r s  i n  ou r  l a b o r a t o r y .  I n  con junc t ion  w i t h  

development of t h e  l i t h i u m  d r i f t e d  d e t e c t o r s ,  we p l a n  
t o  s tudy  d e f e c t s  i n  t h e s e  conven t iona l  detectors.  
Enigmas of  s u r f a c e  c o n d i t i o n s  s t i l l  p reven t  a c lear  
d e c i s i o n  as t o  whether  encapsu la t ed  or "open" t y p e  
detectors sre imre reliable and Zive 2 h ighe r  y i e l d .  
The effect  of d i f f e r e n t  a tmospheres  and p r e s s u r e  
v a r i a t i o n  h a s  had only s l i g h t  s t u d y .  

1. G. T. Zwan, p r e p r i n t .  
2 .  A .  J. Tavendale ,  p r e p r i n t .  


